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SCG/Kinjoh mice: A model of ANCA-associated crescentic animal model of rapidly progressive crescentic glomeru-
glomerulonephritis with immune deposits. lonephritis (CGN) and systemic vasculitis by Kinjoh and
Background. Spontaneous crescentic glomerulonephritis- Good [1]. This recombinant inbred mice strain was estab-forming/Kinjoh (SCG/Kj) mice spontaneously develop cres-
lished by selectively mating siblings of (BXSB/Mp xcentic glomerulonephritis (CGN), systemic vasculitis, and peri-
nuclear ANCA (pANCA), and have been suggested as an MRL/Mp-lpr/lpr)F1 hybrid mice with the highest fre-
animal model for human antineutrophil cytoplasmic antibody quency of glomerular crescent formation and inbreeding
(ANCA)-associated vasculitis (AASV). Since no systematic their progeny for over 40 generations. Four- to six-week-serologic, immunohistologic, or structural evaluation had been
old female SCG/Kj mice spontaneously developed nec-performed thus far, we reinvestigated the development of
rotizing vasculitis and CGN in up to 58%, leading to 50%ANCA and CGN in these mice.
Methods. SCG/Kj mice were subjected to serologic and uri- mortality at the age of only 16 weeks [1]. Furthermore,
nary analysis, as well as histologic evaluation of the kidneys anecdotal data suggest that sera from SCG/Kj mice pro-
by standard light, immunofluorescence, and electron micros-
duce a perinuclear ANCA (pANCA) staining patterncopy at regular intervals during the course of the disease.
on murine and human neutrophils and react with humanResults. Perinuclear ANCA developed as early as the 6th
week of life, increasing both in frequency and titer in up to myeloperoxidase by enzyme-linked immunosorbent
100% of animals at week 20. Crescent formation began at assay (ELISA) (abstract; Kinjoh K et al: Clin Exp Immu-
week 10 and peaked at week 16, maximally affecting 57%
nol 53(Suppl 1):101, 1995). Therefore, SCG/Kj mice haveof glomeruli. Crescent formation was initiated by “activated”
been proposed as an animal model for human ANCA-podocytes that formed cell bridges between tuft and Bowman’s
capsule. The typical picture of a diffuse immune complex ne- associated vasculitis (AASV) in the literature [2].
phritis was found in all animals as early as 8 weeks. Fluores- Renal lesions in the majority of patients with AASV
cence intensity increased with age and became strongly positive
are characterized by an almost complete absence of im-for immunoglobulin (Ig)A, IgM, IgG, and C3 in the mesangium
munoglobulin (Ig) deposition [3], thereby being de-and along the peripheral capillary loops.
Conclusion. Although ANCAs were found in the majority scribed as “pauci-immune [4].” However, in a subset of
of animals, the massive presence of glomerular immune depos- patients, positive staining for Ig can be found in the
its differed from the pauci-immune pattern found in human
mesangium and along capillary loops [3, 5]. In the initialAASV, making this model not completely representative for
report by Kinjoh [1], only scant IgG, IgM, and C3 deposi-human ANCA–associated CGN. However, the spontaneous
and concomitant development of pANCA, small vessel vasculi- tions along the glomerular basement membrane (GBM)
tis, and CGN raises the opportunity to analyze pathogenetic were described in SCG/Kj mice. In contrast, both mother
links between these disease manifestations in vivo. strains, BXSB and MRL/lpr, of mice developed heavy
Ig deposition within the kidney during the course of the
disease [6]. Furthermore, circulating immune complexes,Spontaneous crescentic glomerulonephritis-forming
as well as antibodies directed against ssDNA and dsDNA,mice/Kinjoh (SCG/Kj) type have been described as an
were similarly present in SCG/Kj mice when compared
to MRL/lpr control [1]. Because in the initial description
1Dr. Neumann and Dr. Birck contributed equally to this work.
of SCG/Kj mice no systematic immunohistologic evalua-
Key words: ANCA, systemic vasculitis, animal model, pathogenesis. tion was performed and ANCA findings have only been
reported in a preliminary fashion thus far, we investi-
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METHODS formaldehyde-fixated and ethanol-fixated human granu-
locytes, as well as primate liver and Hep2 cells (Euro-Animals
immun Biochip Mosaik, Groß Gro¨nau, Germany). At
Female SCG/Kj mice were obtained from a colony at
the beginning of our experiments we also examined sera
Nippon Kayaku Co., Ltd., Tokyo, Japan. This facility,
using murine granulocytes. In each case IIF revealed a
as well as the responsible persons, collaborated with
pANCA staining on ethanol-fixated granulocytes, shift-
Kinjoh [1] in breeding the original cohort in 1993, and ing to a cANCA pattern on formaldehyde-fixated sec-
thereafter the breeding of these mice has been continu- tions. Thus, for feasibility, all other examinations were
ously performed only in this laboratory (personal com- performed on human granulocytes. The presence of
munication Dr. Nemoto, Nippon Kayaku Co., Tokyo, pANCA was defined as a typical perinuclear IF pattern
Japan, 2002). The mice were housed at a constant room (titer 1:16) on ethanol-fixated granulocytes, shifting to
temperature with a 12-hour dark, 12-hour light cycle a cytoplasmic pattern on formaldehyde-fixated granulo-
under specific pathogen-free conditions in groups of 5 to cytes.
6 animals per cage and were allowed standard laboratory
chow and water ad libitum. Animal care and experimen- Affinity chromatography
tal procedures were conducted according to national and Affinity columns (Amersham Pharmacia Biotech Hi-
international laws and policies and were permitted by Trap, Freiburg, Germany) coupled with human myelo-
local governmental authorities. peroxidase were used to perform affinity chromatogra-
phy to show the presence of anti-myeloperoxidaseExperimental design
antibodies (anti MPO ANCA) (N  3 at week 14) [8].
From the sixth week of age until their natural death or
sacrifice, female SCG/Kj mice (N  130) were followed. Renal histology
Fortnightly and prior to sacrifice, all mice were housed For standard light microscopy renal tissue was fixed
in metabolic cages to collect 24-hour urine specimens in neutral-buffered formaldehyde in saline and 3 m
for quantitative determination of proteinuria and semi- paraffin-embedded sections were stained with hematoxy-
quantitative determination of hematuria. Blood samples lin-eosin and periodic acid-Schiff stain. Crescent forma-
were obtained by puncture of the retro-orbital venous tion was defined as the presence of at least 2 or more
plexus, or during sacrifice by exsanguination. Randomly cell layers within the Bowman’s space and expressed as
selected animals were sacrificed at the 8th, 10th, 12th, percent crescents/glomeruli.
14th, 16th, 20th, and 24th week of life, complete autop-
sies were performed, and the kidneys were processed, Renal immunofluorescence
stained, and examined as described below. On cryostat 4 m sections of a snap-frozen fragment
of each kidney, direct IF was done with fluoroscein iso-
Laboratory analysis thiocyanate (FITC)- or tetramethyl rhodamine isothio-
Antineutrophil cytoplasmic antibodies (ANCA), anti- cyanate (TRITC)-conjugated antisera to mouse IgM and
nuclear antibodies (ANA), blood urea nitrogen (BUN), IgG. Indirect IF was performed with polyclonal antisera
24-hour proteinuria, and hematuria were determined in to mouse IgA and C3. C3 was conjugated with FITC
all animals every 14 days from the sixth week of life and IgA with TRITC. Immunofluoresence findings were
onward. Quantitative urinary protein concentration was recorded according to the localization of deposits in the
measured by the Coomassie Blue G dye-binding assay glomeruli (mesangium and along peripheral capillary
with bovine serum albumin (BSA) as standard [7]. He- loops) and expressed in terms of intensity of fluorescence
maturia was semiquantitatively determined with com- on a semiquantitative scale of zero to three (0  none; 1
mercially available standard urinary dipsticks, utilizing  weakly positive; 2moderately positive; 3 strongly
the hemoglobin-catalyzing reaction of 2,5-di-methyl-hex- positive). A staining of at least 2 was considered to be
ane-2,5-di-hydro-peroxide (Combur-Test, Roche, Mann- significant. Snap-frozen kidney specimens from 16- and
heim, Germany), and graded according to a scale defined 20-week-old female MRL/lpr mice (N  3 each) were
by 5 to 10 Ery/L; 50 Ery/L; and250 used as control for the renal immunofluorescence studies.
Ery/L. Serum urea was measured by using an enzymatic
Light (LM) and transmission electronUV Rate (Dimension, Dade-Behring, Schwalbach, Ger-
microscopy (TEM)many).
Two animals at the ages of 10, 12, and 14 weeks were
Indirect immunofluorescence fixed by total body perfusion with 2% glutaraldehyde
Sera were analyzed for the presence of cytoplasmic phosphate buffer solution (GA-PBS) as previously de-
(cANCA), perinuclear (pANCA), and ANA by indirect scribed [9]. After removal of the kidneys, small blocks
(2  3 mm) of cortical tissue were post-fixed in 2% GA-immunofluorescence (IIF) using glass slides containing
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Fig. 2. Shown is the distribution of antineutrophil cytoplasmic antibod-
ies (ANCA) titers during the course of disease in SCG/Kj mice. TheFig. 1. Shown is the course of blood urea nitrogen (BUN), 24-hour
absolute number of samples reaching the defined ANCA titer level isproteinuria, and incidence of antineutrophil cytoplasmic antibodies
given.(ANCA) during the course of disease in SCG/Kj mice. Mean value 
SD is given.
affinity chromatography in three animals at week 14 (Fig.PBS overnight followed by OSO4 (1% for two hours),
3 A through D). All examined sera were also ANAand subsequently dehydrated and embedded into Epon
positive (Fig. 3D).by standard procedures. Semithin sections (1 m) were
Proteinuria increased significantly (P  0.05) fromstained with methylene blue and examined by light mi-
week 8 onward (6th week, 0.1  0.03 mg; 8th week,croscopy (LM); ultrathin sections were stained with ura-
0.6 1.66; 12th week, 2 5.6 mg; 18th week, 13 30.29nyl acetate and lead citrate and studied by transmission
mg) (Fig. 1). Hematuria was present in 4% of animalselectron microscopy (TEM).
at the 6th week of life and increased to 13% at week 10,
Statistics and 44% at week 20 (Fig. 4). BUN levels also increased
steadily with the animals’ age (Fig. 1).Data are displayed as mean  standard deviation
Basically, the glomerulonephritis found showed a(SD). When ordinal variables were used for bivariate
more proliferative than necrotizing pattern. Necrotizinganalyses, Spearman’s correlation coefficient (rho) was
glomerulonephritis and crescent formation began atcalculated as Pearson’s correlation computed on ranks
week 10 and peaked at week 16, affecting 57% of theand average ranks. The hypothesis that variables were
glomeruli (Table 1; Fig. 5 A and B). All animals withindependent from one another was rejected at a P value
CGN at week 16 were ANCA positive. However, atof less than 0.05. Survival was calculated using the
weeks 10 and 12, we also found mice with CGN that wereKaplan-Meier method comparing differences with log-
ANCA negative (N  1 each). Significant glomerularrank testing. Statistical analysis of the data was per-
immune deposits were present both in the mesangiumformed with Intercooled Stata Statistical Software (re-
and along the capillary wall in all animals at any agelease 5.0, Stata Corporation, College Station, TX, USA).
(Fig. 7 A through E). A full-house pattern defined as at
least 2 staining for all Ig and C3 was found in 69% of
RESULTS the tissue specimens. In the mesangium, IgG was most
frequently present (96%), followed by IgM (87%), C3Median survival time was 139 days (95% CI; 128 to
153 days). We found an increasing number of ANCA- (87%), and IgA (65%). Along the capillary loops IgG
and C3 deposits were also common (87% and 83%),positive animals during the course of disease. Thus, at
the age of 6 weeks only 18% of the animals showed a while IgM and IgA were detected in 65% and 35%,
respectively. A significant age-dependent increase of glo-positive pANCA pattern in IF, whereas at the age of 10
weeks, 68% of the animals were already positive, and merular Ig deposition could be demonstrated for IgG in
the mesangium (rho  0.47; P  0.021) and for C3 inup to 100% of mice showed positive results at the age
of 18 and 20 weeks (Fig. 1). In addition to the increasing the capillary loop (rho  0.50; P  0.012). Although
immune deposition and proteinuria were present earlynumber of ANCA-positive mice, ANCA titers also in-
creased (Fig. 2). All examined ANCA-positive sera in the course (Table 1), a positive correlation was found
between proteinuria and peripheral C3 (rho 0.42; Pshowed a shift from the pANCA pattern on ethanol-
fixed granulocytes (Fig. 3A) to a cANCA pattern on 0.05), mesangial IgG (rho  0.44; P  0.05), as well as
mesangial IgA (rho  0.47; P  0.05) (Fig. 8 A and B).formaldehyde-fixed granulocytes (Fig. 3B). The presence
of anti MPO ANCA was confirmed representatively by Structurally, a severe endocapillary inflammation with
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Fig. 3. Representative serologic findings (indirect immunofluorescence) in a 14-week-old female SCG/Kj mouse before and after affinity chromatog-
raphy (ACG) using columns coupled with human myeloperoxidase (MPO). A pANCA pattern on ethanol-fixated granulocytes (A ) is found shifting
to a cANCA pattern on formaldehyde-fixated granulocytes (B ) before ACG. Significantly diminished fluorescence intensity on formaldehyde-fixated
granulocytes after ACG due to selective removal of anti MPO antibodies is shown (C ). The remaining nuclear staining caused by concomitantly
present ANA on Hep2 cells that are not removed by ACG is demonstrated (D ).
cyte, “microvillous transformation,” consisting of apical
cell projections that extended in all directions. Such mi-
croprojections pierced through the parietal epithelium
and attached to the parietal basement membrane (PBM),
thus forming cell bridges between the tuft and Bowman’s
capsule. These bridges preceded the formation of cres-
cents, which appear to develop by proliferation of pari-
etal epithelial cells (Fig. 6 A through C).
DISCUSSION
SCG/Kj mice are a recombinant inbred strain that
spontaneously develops systemic vasculitis and CGN.Fig. 4. The incidence of hematuria during the course of disease in
SCG/Kj mice is shown. The percentage of urine samples positive for This strain was established from (BXSB/Mp x MRL/
hematuria is given.
Mp-lpr/lpr)F1 hybrid mice by brother-sister mating of
animals whose parents had the highest frequency of glo-
merular crescent formation [1]. Noteworthy, the genetic
selection for CGN by the above-described breeding pro-ubiquitous involvement of podocytes was encountered
cedure also yielded a high incidence of necrotizing vascu-which comprised every glomerulus in animals at the age
litis, mainly affecting small arteries and arterioles [1].of 12 weeks. Podocytes exhibited severe lesions, includ-
ing foot process effacement and, in almost every podo- The lesions in the kidneys showed extensive extraglo-
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Table 1. Percentage of glomeruli affected with crescents during
the course of disease in SCG/Kj mice
Age weeks N Glomeruli with crescents %
8 6 0
10 6 2013
12 6 2515
16 6 5735
20 6 2938
24 3 3028
Data are means  standard deviations.
merular proliferation and hemorrhage within the Bow-
man’s space, whereas immunohistochemistry was de-
scribed to show only minor fine granular immune de-
posits along the glomerular basement membrane [1].
Sera from these mice contained immune complexes [1],
anti-DNA antibodies [1], and, as shown in preliminary
reports, anti MPO ANCA (abstract; Kinjoh K et al: Clin
Exp Immunol 53(Suppl 1):101, 1995).
In our cohort, pANCA developed as early as the sixth
week of life and were present in 80% to 100% of animals
between 12 and 24 weeks of age. Crescent formation
started at week 10, and the highest rate was found at
week 16, where 57% of the examined glomeruli were
affected. At that time virtually all animals were ANCA
positive. Despite the high incidence of ANCA, and in
contrast to the findings in the initial description by Kin-
joh [1], our IF studies revealed the massive presence of
glomerular immune deposits in every kidney specimen
examined from the eighth week of life onward. This is
in contrast to the human situation, where, in various
forms of CGN, the frequency of ANCA has been shown
to be inversely proportional to the amount of Ig within
the glomeruli, and CGN in the absence of immune depos-
its has been shown to be associated with ANCA in about
80% [4]. These observations led to the concept of pauci-
immune glomerulonephritis characterized by the pres-
ence of ANCA and the absence of Ig deposition. Never-
theless, the role of immune complexes in AASV has Fig. 5. Glomerulus with a circumferential fibrocellular crescent in a
remained somewhat controversial over the years [10]. 16-week-old female SCG/Kj mouse (A ). Glomerulus showing massive
fibrinoid necrosis in a 12-week-old female SCG/Kj mouse (B ). Hema-Cases of AASV with well-defined glomerular Ig deposits
toxylin-eosin stain; magnification 400.have been described in several series [3, 5, 11], and a
recent study investigating skin biopsies also found im-
mune deposits in subepidermal blood vessels in a consid-
erable number of patients with active Wegener’s granu- pauci-immune CGN has also been difficult to reproduce.
lomatosis [12]. Since biopsies in patients are always a In rats preimmunized with human MPO, subsequent kid-
static record of a dynamic process, it might be possible ney perfusion with lysosomal extracts and H2O2 induced
that Ig deposits have been present at an earlier time and CGN, but IgG and C3 were found early in the course
have become undetectable by phagocytosis and digestion of the disease. Moreover, the degree of histologic injury
by infiltrating neutrophils, resulting in “pauci-immu- was proportional to the amount of IgG immune deposits.
nity.” Such mechanisms are known from animal models Later in the disease course, however, the immune depos-
of vasculitis of the Arthus-reaction type, in which neutro- its could not be detected any more [14–15]. Only recently,
phils degrade immune deposits within 48 hours after pauci-immune CGN could be induced convincingly in
experiments performed by the Chapel Hill group [16]deposition [13]. In experimental models the concept of
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Fig. 6. (A ) Overview of a glomerulus with hypercellularity of the endo-
capillary compartment and “microvillous transformation” of podocyte
surfaces (arrows) throughout the tuft. (B ) Part of a glomerular lobule
with severe endocapillary injury and universal podocyte damage includ-
ing foot process effacement and formation of apical microprojections.
(C ) Cell bridge (arrow) between the tuft and Bowman’s capsule. Such
bridges frequently develop close to the urinary orifice and are denoted
with an asterisk (*). Female 14-week-old SCG/Kj mouse. Transmission
electron microscopy (TEM) (A and B) and light microscopy (LM) (C).
Bar represents 10 m.
by adoptive transfer of anti MPO ANCA derived from ing the concept that diseases characterized by the pres-
ence of immune complexes can be aggravated by ANCA.MPO knockout mice, which had been immunized with
murine MPO into Rag2 knockout mice. Thus, in various clinical settings, including patients with
typical immune complex nephritides, such as lupus ne-When compared to the MRL/lpr mother strain, SCG/Kj
mice are characterized by increased crescent formation, phritis [19], poststreptococcal glomerulonephritis [20],
and membranous nephropathy [21], as well as in anti-a much earlier onset of proteinuria, and reduced survival
[1, 6]. Female MRL/lpr mice also develop MPO ANCA GBM nephritis [22–23], the presence of ANCA has been
shown to correlate with aggravated vascular necrosis, cres-in up to 22% beyond the 16th week of age associated
with the occurrence of systemic vasculitis and CGN clini- cent formation, and vasculitic lesions. In animal models
of anti-GBM nephritis, ANCAs are capable to aggravatecally and histologically distinct from typical lupus mani-
festations otherwise encountered in this strain [17]. Thus, the nephritogenic response to otherwise subnephritogenic
doses of antibodies [24–25]. In the above-mentioned adop-systemic vasculitis and the more aggressive course of
renal disease in SCG/Kj mice could be pathogenetically tive transfer experiments in Rag2 knockout mice, the
recipients of splenocytes from MPO immunized MPOconnected to the presence of anti MPO ANCA. Despite
the known polyclonal activation in SCG/Kj mice [1], a knockout mice showed glomerular immune complex
deposition. However, CGN was only found in those ani-recent study by Jethwa [18] found solid evidence that
MPO acts as a driving antigen in the anti-MPO response mals also developing circulating anti-MPO ANCA [16].
Therefore, it seems possible that, in SCG/Kj mice, theobserved in theses animals. There are also data support-
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Fig. 7. Representative pictures of glomerular immunoglobulin (Ig) and
complement (C3) deposition in a 16-week-old female SCG/Kj mouse.
(A ) IgG, (B ) IgM, (C ) IgA, (D ) C3. (E ) IgG deposition in a female
MRL/lpr 16-week-old mouse is used as the control.
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Fig. 8. (A) Immunoglobulin and C3 deposition along peripheral capillary loops during disease course in SCG/Kj mice. Given are mean values.
(B) Immunoglobulin and C3 deposition within the mesangium during disease course in SCG/Kj mice. Given are mean values.
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